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@ Magnetic recording and/or reproducing apparatus. 

(^7) A magnetic recording apparatus comprising an audio 
signal processing circuit (32a, 32b, 33a, 33b, 34a. 34b, 35) for 
converting an input analog audio signal into a digital audio 
signal; a modulating circuit (36) for subjecting the digital audio 
signal to a modulation selected from a mufti-phase differential 
phase shift keying modulation (DPSK) or an offset-multi-phase 
differential shift keying modulation (ODPSK) to produce a 
modulated digital audio signal; an adding circuit (39) for adding 
a high-frequency bias signal to the modulated digital audio 
signal; an audio signal recording unit (41a, 41b) for recording 
the modulated digital audio signal with the high-frequency bias 
signal added thereto on a track formed in a deep layer portion of 
a magnetic layer of a magnetic tape (43) ; and a video signal 
recording circuit (26, 27, 28a, 28b) for recording an input video 
signal on a video track formed in a surface layer portion of the 
magnetic layer of the magnetic tape. 
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Description 

MAGNETIC RECORDING AND/OR REPRODUCING APPARATUS 

The present invention generally relates to a magnetic recording and/or reproducing apparatus, and in 
particular to a magnetic recording and/or reproducing apparatus in which a digital audio signal which has been 

5 subjected to an offset-multi-phase differential phase shift keying modulation such as an offset-quadrature shift 
keying modulation, an offset-quadrature differential phase shift keying modulation, or a differential phase shift 
keying modulation such as a quadrature differential phase shift keying modulation is recorded in and/or 
reproduced from a deep layer portion of a magnetic layer of a magnetic tape, and a video signal is recorded in 
and/or reproduced from a surface layer portion of the magnetic layer. Furthermore, the present invention 

10 relates to a magnetic recording and/or reproducing apparatus in which a frequency modulated audio signal is 
recorded in and/or reproduced from the deep layer portion of the magnetic tape together with the modulated 
digital audio signal. 

A magnetic recording and/or reproducing apparatus has been proposed in which a digital audio signal 

which has been modulated by a multi-phase differential phase shift keying is recorded in and/or reproduced 
15 from the deep layer portion of the magnetic tape, and the video signal is recorded in and/or reproduced from 

the surface layer portion of the magnetic tape. In the apparatus of this type, an input color video signal in 

conformance with a standard color system such as the NTSC standard system is converted into a frequency 

division multiplexed video signal in which a frequency converted carrier chrominance signal and a frequency 

modulated luminance signal are 27equency division multiplexed. The carrier chrominance signal has been 
20 converted into a frequency range lower than that of the frequency modulated luminance signal. The frequency 

division multiplexed video signal is passed through a recording amplifier and a switching circuit, and is 

supplied to rotary video heads. The rotary video heads record the frequency division multiplexed video signal 

in a surface layer portion of a magnetic tape and form video tracks. 

On the other hand, input right and left channel analog audio signals are respectively converted into pulse 
25 code modulated (PCM) signals and are subjected to a time division multiplexing process. A time division 

multiplexed PCM signal is modulated in accordance with the offset-quadrature phase shift keying (hereafter 

referred to as OQPSK) modulation. An OQPSK-moduIated digital audio signal is passed through a recording 

amplifier and a switching circuit and supplied to rotary audio heads. The rotary audio heads record the digital 

signal in a deep layer portion of the magnetic layer of the magnetic tape and form audio tracks. 
30 During a reproducing operation, the frequency division multiplexed video signals read out from the video 

tracks by the rotary video heads are passed through the switching circuit and a video signal processing circuit. 

The processing circuit reproduces the original color video signal from the read-out video signal. 

On the other hand, the digital audio signals read out from the audio tracks are passed through a switching 

circuit, a reproducing amplifier, an equalizer and an OQPSK demodulator, and supplied to a digital signal 
35 processing circuit where the reproduced original PCM signal is obtained. Thereafter, the reproduced PCM 

signal is converted into the original analog audio signal by a digital-to-analog converter, which simultaneously 

outputs the reproduced right and left channel audio signals. 
As described above, in the conventional recording and/or reproducing apparatus having the rotary audio 

heads, the OQPSK modulated digital audio signal is directly recorded on the magnetic layer of the magnetic 
40 tape. This type of the recording and/or reproducing apparatus has been disclosed in the following document: 

Arai, et al, n A STUDY ON THE DIGITALIZATION OF AUDIO SIGNALS FOR VIDEO TAPE RECORDER", 

International Conference on Acoustics, Speech and Signal Processing, pp29 - 33, 1986). 

However, it should be noted that in the above magnetic recording and/or reproducing apparatus, the 

OQPSK modulated digital audio signal is directly recorded on the magnetic tape which has the non-linear 
45 transmission properties. Hence, a cross modulation distortion may occur. This causes a noise spectrum in a 

frequency range of the frequency converted carrier chrominance signal. It should be noted that no noise 

spectrum exists at the time of the recording. 

For this reason, the noise spectrum included in the reproduced signal during the reproduction of the video 

signal by the rotary video heads degrades the color signal-to-noise ratio. Further, the distortion included in the 
50 reproduced audio signal because of the non-linearity of the magnetic tape during the reproduction of the audio 

signal by the rotary audio heads degrades the error rate of the reproduced digital audio signal. 

Moreover, in order to record and reproduce the OQPSK-modulated digital audio signal on and from the 

magnetic tape, it is necessary to record and reproduce a reference phase signal at the same time when the 

OQPSK modulated digital audio signal is recorded and reproduced. 
55 Accordingly, a general object of the present invention is to provide a novel and useful magnetic recording 

and/or reproducing apparatus in which the above disadvantages of the conventional magnetic recording 

and/or reproducing apparatus have been eliminated. 
A more specific object of the present invention is to provided a magnetic recording and/or reproducing 

apparatus capable of reducing the noise spectrum. 
60 Another object of the present invention is to provide a magnetic recording and/or reproducing apparatus in 

which the S/N ration of the reproduced color video signal is improved. 

Still another object of the present invention is to provide a magnetic recording and/or reproducing 

apparatus in which the error rate of the reproduced audio signal is improved. 
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A further object of the present invention is to provide a magnetic recording and/or reproducingapparatusin™ 

which it is unnecessary to record the reference phase signal. 

The above objects of the present invention can be accomplished by a magnetic recording and/or 
reproducing apparatus comprising an audio signal processing circuit for converting an input analog audio 
signal into a digital audio signal; a modulating circuit for subjecting the digital audio signal to a modulation 5 
selected from a multi-phase differential phase shift keying modulation (DPSK) or an offset-multi-phase 
differential shift keying modulation (DPSK) to produce a modulated digital audio signal; an adding circuit for 
adding a high-frequency bias signal to the modulated digital audio signal; an audio signal recording unit for 
recording the modulated digital audio signal with the high-frequency bias signal added thereto on a track 
formed in a deep layer portion of a magnetic layer of a magnetic tape; and a video signal recording circuit for 10 
recording an input video signal on a video track formed in a surface layer portion of the magnetic layer of the 
magnetic tape. 

According to another aspect of the present invention, a producing circuit for producing a frequency 
modulated (FM) audio signal, and an adding circuit for adding a high-frequency bias signal to the frequency 
division multiplexed audio signal are added to the above constitution. 15 

According to still another aspect of the present invention, a fist signal extracting circuit for extracting the 
modulated digital audio signal from the read-out frequency division multiplexed audio signal, a second signal 
extracting circuit for extracting the FM audio signal from the read-out frequency division multiplexed audio 
signal, a first demodulating circuit for demodulating the modulated digital audio signal from the first signal 
extracting circuit, a second demodulating circuit for demodulating the FM audio signal from the second signal 20 
extracting circuit, and reproducing circuit for reproducing the video signal recorded in the surface layer 
portion of the magnetic tape. 

Other objects, features and advantages of the present invention will become apparent from the following 
detailed description when read in conjunction with the accompanying drawings. 

FIG.1 is a block diagram of a conventional magnetic recording apparatus which is shown together with 25 
a magnetic reproducing apparatus; 

FIG. 2 is a block diagram of an embodiment according to the present invention ; 

FIGS.3A and 3B show examples of frequency spectrums of signals recorded on a magnetic tape by the 
apparatus according to the present invention; 

FIGS.4(A) through 4(C) are diagrams for explaining an embodiment of a signal format of a digital audio 30 
signal which is recorded and reproduced in the apparatus according to the present invention; 

FIGS.5 and 6 are circuit diagrams of examples of a high-frequency adding circuit employed in the 
apparatus according to the present invention; 

FIG. 7 shows an example of a frequency spectrum of a signal to be recorded on an audio track 
according to the embodiment shown in FIG.2 ; 35 

FIG.8A shows a frequency spectrum obtained when a digital audio signal which has been subjected to 
an offset-quadrature differential phase shift keying modulation is recorded in a deep layer portion of a 
magnetic layer of a magnetic tape according to the conventional apparatus; 

F1G.8B shows a frequency spectrum obtained when a digital audio signal which has been subjected to 
the offset-quadrature differential phase shift keying modulation is recorded in the deep layer portion of 40 
the magnetic layer according to the present invention; 

FIG.9A shows a frequency spectrum obtained when a digital audio signal which has been subjected to 
a quadrature differential phase shift keying modulation is recorded in a deep layer portion of a magnetic 
layer of a magnetic tape according to the conventional apparatus; 

FIG.9B shows a frequency spectrum obtained when a digital audio signal which has been subjected to 45 
the quadrature differential phase shift keying modulation is recorded in the deep layer portion of the 
magnetic layer according to the present invention; 
FIG. 10 is a block diagram of another embodiment according to the present invention; 
FIG. 11 shows an example of a frequency spectrum of a signal to be recorded according to the 
embodiment shown in FIG. 10; 50 

FIGS.12A show a frequency spectrum obtained when a digital audio signal which has been subjected to 
the offset-quadrature differential phase shift keying modulation is recorded in the deep layer portion of a 
magnetic layer of a magnetic tape according to the conventional apparatus; 

FIG.12B shows a frequency spectrum obtained when a digital audio signal which has been subjected to 
the offset-quadrature differential phase shift keying modulation is recorded in the deep layer portion of 55 
the magnetic layer according to the embodiment shown in FIG.1 0; and 
FIG. 13 shows a modification of the bias adding circuit shown in FIG. 16. 
To facilitate the understanding of the present invention, a description will be first given on a conventional 
magnetic recording and reproducing apparatus for magnetically recording and reproducing a digital audio 
signal which has been subjected to the OGPSK modulation on and from a magnetic tape by use of rotary 60 
heads, by referring to FIG.1. 

Referring to FIG.1 , a color video signal in conformance with the NTSC standard system is applied to an input 
terminal 1 and supplied to a video signal processing circuit 2. The processing circuit 2 separates the color 
video signal into a luminance signal and a carrier chrominance signal, frequency-modulates the luminance 
signal, frequency-converts the carrier chrominance signal into a frequency range lower than that of the 65 
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f req uency m od u late tf ~(FM )1 umiharic^^ ivisibn multiplexed signal "of "the~F M 

luminance signal and the frequency converted carrier chrominance signal. The frequency division multiplexed 
signal is passed through a recording amplifier 3 and a switching circuit 4 and supplied to rotary video heads 5a 
and 5b. The rotary video heads 5a and 5b record the frequency division multiplexed signal in a surface layer 
5 portion of a magnetic tape to form video tracks. 

Right and left channel analog audio signals are respectively applied to input terminais 7b and 7a and 
supplied to an analog-to-digital (hereafter referred to A/D) converter 8. The output signal of the A/D 
converter 8 is fed to a digital signal processing circuit 9 in which the right and left channel digital audio signals 
are converted into a PCM-signal, which is time division multiplexed. The time division multiplexed digital audio 

10 signal from the digital signal processing circuit 9 is OQPSK-moduiated by an offset-quadrature phase shift 
keying modulator 10. The OQPSK-moduiated digital audio signal from the OQPSK modulator is passed 
through a recording amplifier 11 and supplied to a switching circuit 12, which alternately provides the 
modulated digital audio signal to rotary audio heads 13a and 13b. The rotary audio heads 13a and 13b record in 
a deep layer portion of a magnetic layer of the magnetic tape 6 to form audio tracks in advance of forming the 

15 vide tracks. 

During the reproducing operation, the frequency division multiplexed video signals read out from the video 
tracks by the rotary video heads 5a and 5b are passed through the switching circuit 4 and a reproducing 
amplifier 14 to a video signal processing circuit 15. The processing circuit 15 converts the read-out video signal 
into the original color video signal, which is applied to an output terminal 16. 

20 On the other hand, the digital audio signal read out from the audio track is passed through the switching 
circuit 12, a reproducing amplifier^, an equalizer 18, and an OQPSK demodulator 19, and supplied to a digital 
signal processing circuit 20 where the reproduced original PCM signal is obtained. Thereafter, the reproduced 
PCM signal is converted into the original analog audio signal by a digital-to-analog converter 21, which 
separately and simultaneously outputs the reproduced right and left audio signals at output terminals 22b and 

25 22a, respectively. 

However, the above conventional apparatus has the disadvantages described previously. The present 
invention intends to eliminate the disadvantages. 

A description will be given on an embodiment of a magnetic recording apparatus according to the present 
invention by referring to FIG.2. 

30 FIG.2 shows a block configuration of a magnetic recording apparatus according to the present invention 
together with a magnetic reproducing system. In FIG.2, upper and lower parts separated by an one-dotted 
chain line A show magnetic recording and reproducing systems, respectively. A color video signal in 
conformance with the NTSC standard system, for example, is applied to an input terminal 25 and supplied to a 
video signal processing circuit 26. The processing circuit 26 separates the color video signal into a luminance 

35 signal and a carrier chrominance signal, frequency-modulates the luminance signal, frequency-converts the 
carrier chrominance signal into a frequency range lower than that of the frequency modulated (FM) luminance 
signal, and produces a frequency division multiplexed signal of the FM luminance signal and the frequency 
converted carrier chrominance signal. The processing circuit 26 itself is known, and the frequency division 
multiplexed signal from the processing circuit 26 has afrequency spectrum shown in FIG.3A. In FIG.3A, the FM 

40 luminance signal I has a carrier frequency band of 3.4 MHz to 4.4 MHz, and the frequency converted carrier 
chrominance signal II has a converted center frequency of approximately 629 kHz. 

The frequency division multiplexed signal from the processing circuit 26 is supplied to rotary video heads 
28a and 28b via a recording amplifier 27 and a rotary transformer (not shown), and is recorded on a magnetic 
tape 43 so that video information amounting to one field is recorded on each video track formed obliquely to a 

45 longitudinal direction of the magnetic tape 43. The processing circuit 26 also supplies the color video signal 
which complies with the NTSC standard system to a synchronizing signal separating circuit 29. The separating 
circuit 29 separates a vertical synchronizing signal from the color video signal and supplies the vertical 
synchronizing signal to a servo circuit 30 which will be described later. 

Right and left channel analog audio signals are respectively applied to input terminals 31 b and 31 a. The right 

50 and left analog audio signals are respectively passed through lowpass filters 32b and 32a wherein an unwanted 
high-frequency component exceeding an audio frequency band is eliminated. Output audio signals of the 
lowpass filters 32a and 32b are respectively supplied to analog-to-digital (A/D) converters 34a and 34b via 
respective sample and hold circuits 33a and 33b having a sampling frequency of 47.952 kHz ( = 48kHz / 1 .001), 
for example, and are converted into digital signals constituted by 16-bit samples in accordance with the linear 

55 quantization of the quantization number of 16 bits. Right and left digital audio signals from the A/D converters 
34a and 34b are supplied to an encoder 35. 

When consecutive numbers are assigned to the samples constituting the right and left channel digital 
signals in the sampled sequence within one field of the video signal, the encoder 35 separates the samples 
constituting the right and left channel digital signals into odd numbered samples OS and even numbered 

60 samples ES (hereafter simply referred to as odd samples OS arid even samples ES). Subsequently, the 
encoder 35 produces error check and correction codes P and Q having a format shown in FIG.4(A) from the 
even samples ES and odd samples OS amounting to one field. 

In FIG.4(A), a datum DATA1 is constituted by the even samples ES which have been subjected to a time 
base compression and an interleaving, and a datum DATA2 is constituted by the odd samples OS which have 

65 been subjected to a time base compression and an interleaving, for example. Each of the data DATA1 and 
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DATA2 is constituted inunrtof "word (one word is macieljp "of "8 bits), and h~as~8 x"50 bitTihTdtal^ The parity~Q~is 
produced as follows. Every 10 words of each of the dataDATAI and DATA2 are subsequently selected in each 
row. Then, one parity code composed of 6 words is produced by use of the selected 20 words in accordance to 
a predetermined operation. Hence, the parity Q having 8 x 30 bits (= 8 x 6 x 5) is produced per row. The 
parity P is produced by follows. Every 32 words are selected in the vertical direction starting with the beginning 5 
of the datum DATA1. This operation is repeated until the last bits of the datum DATA2 is processed. The 
selected 32 words are subjected to a predetermined operation to produce 4 words or 8 x 4 bits per column. 

The data DATA1 and DATA2 and the parities P and Q are divided every 36 words and a data block shown in 
FIG.4(A) is formed. In FIG.4(A), an 8-bit synchronizing signal SYNC, an 8-bit identification signal ID, an 8-bit 
address signal ADDR and an 8-bit block parity signal PARITY are added before the 36 words of the datum 10 
DATA1, parity Q, datum DATA2 the parity P, so that a data block of 40 words in total is constituted. For 
example, upper 2 bits of the 8-bit identification signal ID constitute a cross fade control signal. For example, 
the cross fade control signal instructs a normal recording when the 2 bits have a value "00", a start of a 
recording when the 2 bits have a value *11 w , and an end of a recording when the 2 bits have a value "10*. 

The address signal ADDR instructs the sequence of each data block within the digital audio signal (that is, 15 
130 data blocks) amounting to one track. The block parity signal PARITY is an error check signal obtained by 
an operation PARITY = ID + ADDR, where the symbol " + " denotes a modulo-2 addition. The data DATA1 
and DATA2 and the parities P and Q are transmitted in a data area shown in FIG.4(C) having 130 data blocks, 
but a preamble signal and a post amble signal are respectively added before and after the data area for 
reproducing clock signals amounting to 4 and 2 data blocks, respectively. Accordingly, the digital audio signal 20 
is transmitted in 136 data blocks ( = 43,520 bits) in one field ( « 1/69.94 sec. in the case of the NTSC system) of 
the video signal. Therefore, the bit rate of the digital audio signal is 2.6086 (= 136 x 320 x 59.94) Mbps. The 
encoder 35 is field-synchronized with the video signal to be recorded in accordance with the output signal of 
the servo circuit 30. 

An encoded digital audio signal from the encoder 35 is supplied to an offset-quadrature differential phase 25 
shift keying (OQDPSK) modulator 36, which maybe constituted by a conventional modulator. The conventional 
4-phase DPSK consists of a serial /parade I conversion circuit, a phase shifting circuit, two code converting 
circuits, two balanced-modulator circuits and a composition circuit. The serial/parallel conversion circuit 
subjects the digital audio signal from the encoder 35 to the serial/parallel conversion and alternately outputs 
two parallel code sequences. The phases shifting circuit gives the two parallel code sequences a mutual phase 30 
difference amounting to 1/2 of one time slot. The two code sequences are supplied to the respective code 
converting circuits (differential code converters). Each of the code converting circuits consists of an exclusive 
logic OR circuit and a one-time slot delay circuit The output of the delay circuit is connected to one input of the 
exclusive logic OR circuit, and the other input thereof receives the respective code sequence. The outputs of 
the delay circuits are supplied to the respective exclusive logic OR circuits, which independently produce two 35 
converted code sequences made, up of differential codes. The balanced-modulator circuits receive the 
respective differential codes as modulating signals, and independently balance-modulate (carrier-supressed 
amplitude-modulate) two carriers of a predetermined frequency fc having a mutual phase difference of 90° by 
the two differential codes derived from the code converting circuits. The composition circuit combines the two 
modulated signals and produces the OQDPSK modulated digital signal. 40 

The carrier frequencies of the carriers are desirably selected to an integral multiple of a horizontal scanning 
frequency fa, and for example, the carrier frequencies are selected to 127 times the horizontal scanning 
frequency in (that is, approximately 2.00 MHz in the case of the NTSC system). In addition, the transmission 
rate (recording bit rate) of the digital audio signal is selected to 2.6086 Mb/sec. Thus, the output digital audio 
signal of the OQDPSK modulator 36 has a known frequency spectrum which is shaped like the teeth of a comb 45 
and in which a maximum level occurs at the carrier frequency of 2.00 MHz, a zero level occurs at frequencies 
1 .30 MHz ( = 2.6086 MH/2) plus or minus 2.00 MHz, and a zero level similarly occurs at frequencies of 2.00 MHz 
± n x 1.30 MHz, where n is a natural number. 

The output digital audio signal of the OQDPSK modulator 36 is supplied to a bandpass filter 37 which limits 
the frequency band so as to eliminate an unwanted frequency component. The bandpass filter 37 has a 50 
passband of approximately 0.7 times the transmission rate about the center frequency of 2.00 MHz, so as not 
to generate an inter-symbol interference. Therefore, a digital audio signal having a frequency spectrum 111 
shown in FIG.3(B) is obtained from the bandpass filter 37, passed through a terminal 38 and supplied to a bias 
adding circuit 39, where a high-frequency bias signal is added to the output signal of the bandpass filter 37. 

The bias adding circuit 39 is one of the essential features of the present invention. Configurations of 55 
examples of the bias adding circuit 39 are illustrated in FIGS.5, 6 and 13. In these figures, the same reference 
numerals as those in FIG.2 denote the same elements. In addition, the same reference numerals in FIG.6 as 
those in FIG.5 denote the same elements. 

Referring to FIG.5, the bias adding circuit 39 comprises an adder 45, a bias generator 46 and a recording 
amplifier 47. The adder 45 adds the digital audio signal applied thereto via a terminal which has been subjected 60 
to the OQDPSK modulation and a high-frequency bias signal of 7 MHz, for example, generated by the bias 
generator 46. The output signal of the adder 45 is amplified by the recording amplifier 47 and supplied to a 
terminal 40. 

Referring to FIG.6, the bias adding circuit 39 comprises the bias generator 46, the recording amplifier 47, a 
trap circuit composed of an inductor 50 and a capacitor 51 connected in parallel, and a capacitor 52. The digital 65 



5 



3NSDOCID: <EP 0277000A2_I_> 



0 277 000 



audio signal which has been OQDPSK-modulated is passed through the recording amplifier 47 and extracted 
by the trap circuit. The extracted digital audio signal is added to the high frequency bias signal produced by the 
generator 46, and is passed through the capacitor 52. The added result is supplied to the terminal 40. 
The circuit itself shown in FIG.6 is a known circuit for the bias recording. The trap circuit made up of the 
5 inductor 50 and the capacitor 51 prevents the the high-frequency bias signal from being transmitted from the 
generator 46 towards the recording amplifier 47. In addition, the capacitor 52 has a function of preventing the 
transmission of the digital audio signal towards the bias generator 46. The recording amplifier 47 shown in 
FIG.6 may be constituted by a simple amplifier as compared with the recording amplifier 47 shown in FIG. 5 
which has to have a wide frequency range as well as a high output power. 
10 The high frequency bias of a high voltage is required to flow a sufficient current through the rotary audio 
heads 41 a and 41 b against high impedances thereof due to the high frequency of the bias signal. Hence, a high 
voltage power supply is required for the bias generator 46 of the circuit shown in FIG.6. Such inconvenience to 
prepare the high voltage power supply can be avoided to modify the circuit to a circuit shown in FIG.13, in 
which a stepup transformer 53 is used between the bias generator 46 and the capacitor 52. 
15 In case a flying erase head (not shown) is used in the magnetic recording apparatus, the bias generator 46 
can be shared with a signal source for the flying erase head. 

Preferably, the frequency of the high-frequency bias signal is three times the frequency of the carrier. 
Preferably, the high-frequency bias signal is a sine wave having no distortion. 
The bias-added signal at the terminal 40 is selectively supplied to rotary audio heads 41 a and 41 b via a rotary 
20 transformer (not shown). The rotary audio heads are mounted on a rotary drum (not shown) at positions 
having an angular separation of 180 on a rotational plane of the rotary drum. The rotary video heads 28a and 
28b are also mounted on the rotary drum at positions having an angular separation of 180 on the rotational 
plane of the rotary drum, and the positions of the rotary video heads 28a and 28b respectively lead the rotary 
audio heads 41a and 41b by a predetermined angle (120°, for example) in a rotating direction of the rotary 
25 drum. Moreover, one of the rotary audio heads 41 a and 41 b has an azimuth angle of + 30° , and the other has 
an azimuth angle of - 30°. One of the rotary video heads 28a and 28b had an azimuth angle of 4- 6°, and the 
other has an azimuth angle of -6°. 

The servo circuit 30 supplies the vertical synchronizing signal from the separating circuit 29 to the encoder 
35 so as to obtain field synchronization in the encoder 35. The servo circuit 30 also supplies the vertical 
30 synchronizing signal to a driving circuit (not shown) so that a drum motor (not shown) for rotating the rotary 
drum is driven by the driving circuit in synchronization with the vertical synchronizing signal. 

The rotary audio heads 41a and 41 b respectively record the digital audio signals with the high-frequency bias 
added thereto in the deep layer portion of the magnetic layer of the magnetic tape 43 which is wrapped 
obliquely around a peripheral surface of the rotary drum for an angular range of more than 180°, and form 
35 audio tracks. Subsequently, the rotary video heads 28a and 28b respectively record the video signals in the 
surface layer portion of the magnetic layer of the magnetic tape 43 and form video tracks on the video tracks. 
At the same time, servo circuit 30 also produces a control pulse signal from the vertical synchronizing signal 
and supplies the control pulse signal to a stationary control head 42. The stationary head 42 records the 
control pulse signal on and from a control track of the magnetic tape 43. 
40 During a reproducing mode, signals reproduced by the rotary audio heads 41a and 41b from the deep layer 
portion of the magnetic tape 43 are supplied to a pre-amplif ier 55. At the same time, signals reproduced by the 
rotary video heads 28a and 28b from the surface layer portion of the magnetic tape 43 are supplied to a 
switching amplifier 56. The control signal reproduced by the stationary head 42 from the control track of the 
magnetic tape 43 is supplied to the servo circuit 30. The servo circuit 30 controls the driving circuit described 
45 before and the rotary drum is controlled so that the reproduced control signal is synchronized to a reference 
frequency signal. 

The switching amplifier 56 amplifies the reproduced signals from the rotary video heads 28a and 28b and 
also carries out a switching so as to obtain a continuous reproduced signal. The continuous reproduced signal 
from the switching amplifier 56 is supplied to a video signal processing circuit 58 via a pre-amplifier 57. The 

50 processing circuit 58 separates the continuous reproduced signal into the FM luminance signal and the 
frequency converted carrier chrominance signal, frequency-demodulates the FM luminance signal, 
frequency-converts the frequency converted carrier chrominance signal back into the original frequency band, 
and produces a color video signal which is in conformance with the NTSC system and which comprises the 
luminance signal and the carrier chrominance signal. The processing circuit 58 itself is known, and the 

55 reproduced color video signal from the processing circuit 58 is outputted via an output terminal 59. 

On the other hand, a pre-amplifier 55 amplifies the reproduced digital signals from the rotary audio heads 
41a and 41b and also carries out a switching so as to obtain a continuous reproduced signal. This continuous 
reproduced signal is supplied to a bandpass fiiter 60 wherein a reproduced signal having the frequency 
spectrum shown in FIG.3(B) is separated, and this separated reproduced signal is supplied to an 

60 offset-quadrature differential phase shift keying (OQDPSK) demodulator 61 . The OQDPSK demodulator 61 
subjects the reproduced signal from the bandpass filter 60 to the OQDPSK demodulation and supplies a 
demodulated digital audio signal to a decoder 62. 

The OQDPSK demodulator 61 may be constituted by a known demodulator which comprises two multiplying 
circuits, two operation circuits, two zero-cross comparators, a control circuit and a digital circuit. The 

65 multiplying circuits receives the respective carriers having a mutual phase difference of 90° and multiply the 
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"carriers and the modulated digital audid signal from the bandpass filter 60rThe operation-circuits respectrvely 

carry out adding and subtracting calculations with respect to the outputs of the multiplying circuits. The 
zero-cross comparators respectively carry out a level-comparison for the output signals of the operating 
circuits. The control circuit multiplies the two output signals together, multiplies the multiplied result and the 
output signal of the operation circuit, and controls the phase of the carriers by the result of the second 5 
multiplying operation. The digital circuit composed of a D-type flip-flop, a phase locked loop, a frequency 
divider and an exclusive logic OR circuit, carries out a digital processing on two code sequences from the two 
zero-cross comparators which correspond to the differential codes, and produces a demodulated digital audio 
signal. 

The decoder 62 is supplied with a vertical synchronizing signal from the servo circuit 30 which produces this 10 
vertical synchronizing signal in synchronization with the reproduced control signal. The decoder 62 carries out 
processes such as error correction, jitter compensation, time base expansion and de-interleaving in which the 
sampled signals are reorganized to produce the digital audio signal having the original sequence of the 
samples, and separates the reorganized samples into the right channel digital audio signal and the left channel 
digital audio signal. 15 

The right and left channel digital audio signals are supplied to digital-to-analog (D/A) converters 63b and 63a 
and are converted into right and left channel analog audio signals. The right and left channel analog audio 
signals from the D/A converters 63b and 63a are respectively passed through deglitcher circuits 64b and 64a 
for eliminating a noise component which is generated during the digital-to-analog conversion. Output signals 
of the deglitcher circuits 64a and 64b are respectively passed through lowpass filters 65a and 65b for 20 
eliminating an unwanted high-frequency component exceeding the audio frequency band, and reproduced 
right and left channel analog audio signals are outputted via output terminals 66b and 66a. 

A description will be given of effects on the reduction of the noise spectrum achieved by the present 
invention, compared to effects obtained by the conventional apparatus. 

FIG.7 shows an OQDPSK-moduIated digital audio signal having a frequency spectrum of approximately 2.0 25 
MHz ±1.3 MHz. A case is now considered that the OQDPSK-moduIated digital audio signal in FIG.7 is 
recorded in the deep layer portion of the magnetic tape by the rotary audio heads according to the 
conventional apparatus, i.e., without the high-frequency bias signal added thereto, and subsequently the video 
signal is recorded in the surface layer portion of the magnetic layer formed on the deep layer portion by the 
rotary video heads. In this case, when the above magnetic tape is reproduced by the rotary audio heads, a 30 
frequency spectrum of the reproduced modulated digital audio signal is observed as shown in FIG.8A, 

In FIG.8A, a frequency fsc denotes a sub-carrier chrominance frequency of the frequency converted carrier 
chrominance signal having the frequency range lower than that of the frequency modulated luminance signal, 
and is equal to 629 kHz, for example. As seen from FIG.8A, there is a noise spectrum (surrounded by a broken 
line V) of a higher level because of the cross modulation distortion in the frequency converted carrier 35 
chrominance signal band. The noise spectrum occurs in the low-frequency range in which the azimuth loss 
effect is less affected. For this reason, the noise also occurs on the video signal reproduced by the rotary video 
signal and degrades the color signal to noise ratio. In addition, the occurrence of the cross modulation 
distortion results from the non-linearity of the magnetic tape and degrades the error rate of the digital audio 
signal, as described before. 40 

On the other hand, when the high-frequency bias signal of 5.5 MHz, for example, is added to the 
OQDPSK-moduIated digital audio signal In FIG.7, and is recorded in the deep layer portion of the magnetic 
tape, a frequency spectrum of the reproduced modulated digital audio signal is observed as shown in FIG.8B. 
As clearly seen from FIG.8B, out of noise frequency components surrounded by a broken line VI because of 
the cross modulation distortion in the frequency converted carrier chrominance signal band, noise frequency 45 
components in the vicinity of the frequency fsc of the frequency converted sub-carrier chrominance signal 
have greatly been reduced. 

FIG.9A shows a frequency spectrum of the reproduced modulated digital audio signal obtained when in 
place of the OQDPSK modulation, a digital audio signal which has been subjected to QDPSK modulation and 
which has a frequency spectrum like that shown in FIG.7 is directly recorded in the deep layer portion of the 50 
magnetic tape without the high-frequency bias signal added thereto by the rotary audio heads and is 
reproduced from the deep layer portion after recording the video signal in the surface layer portion. As in the 
case shown in FIG.8A, noise frequency components (surrounded by a broken line VII) because of the cross 
modulation distortion in the frequency converted carrier chrominance signal range have large levels. 

On the other hand, FIG.9B shows a frequency spectrum of the reproduced digital audio signal obtained 55 
when the high-frequency bias signal of 5.5 MHz, for example, is added to the QQPSK-modulated digital audio 
signal having the frequency spectrum like that shown in FIG.7, and is recorded in the deep layer portion of the 
magnetic tape and reproduced therefrom after recording the video signal in the surface layer portion. Out of 
noise frequency components (surrounded by a broken line VIII) in the frequency converted carrier 
chrominance signal, noise frequency components in the vicinity of the frequency fsc of the frequency 60 
converted carrier chrominance signal have been greatly reduced. In FIGS.8A, 8B, 9A and 9B, a signal 
component of a high level at a frequency of 3.4 MHz results from the crosstalk of the horizontal synchronizing 
signals in the FM luminance signal. The noise spectrums in the high-frequency range may be reduced by use of 
a bandpass filter. 

The present invention may be applied to the digital audio signal which is subjected to multi-phase differential 65 
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"phase shift keying modulations other than the OQDPSK and Q D PS K modulations such as the offset-2-phase 
and offset-8-phase differential phase shift keying modulations as well as the DPSK demodulation. Further, the 
present invention is applicable to the PAL system and SECAM system in addition to the NTSC standard 
system. 

As described in the foregoing, according to the present invention, the addition of the high-frequency bias 
signal to the modulated digital audio signal to be recorded in the deep layer portion makes it possible to greatly 
reduce the noise spectrum which occurs in the frequency converted carrier chrominance signal of the 
reproduced video signal because of the cross modulation distortion resulting from the non-linearity of the 
magnetic tape. Hence, the color signal to noise ratio at the time of the reproduction can be improved. 

Moreover, the digital audio signal which has been subjected to the multi-phase DPSK modulation or the 
offset-multi-phase DPSK modulation can be demodulated even when the reference phase signal is not 
present. For this reason, it is not necessary for the reference phase signal to be recorded on the magnetic 
tape. In addition, it is possible to reduce the transmission rate of the data compared to the digital audio signal 
which has been subjected to the OQPSK modulation. In other words, it is possible to make the frequency band 
narrower and improve the error rate of the reproduced digital audio signal. 

A description will be given on another embodiment of the present invention with reference to FIG. 10. In 
FIG.10, the same reference numerals as those in FIG.2 denote the same elements. 

One of the essential features of the embodiment shown in FIG.10 is that both of the frequency modulated 
(FM) audio signal and the digital audio signal can be recorded in and reproduced from the deep layer portion of 
the magnetic tape. 

In FIG.10, constitutions shown in upper and lower parts with respect to a one-dotted line A relates to 
magnetic recording and reproducing systems, respectively. The magnetic recording system includes a video 
signal recording system and audio signal recording systems composed of a first audio modulating part for 
producing the digital audio signal which has been modulated by the OQDPSK modulation and a second audio 
modulating part for producing a frequency modulated (FM) audio signal. The video signal recording system is 
the same as that shown in FIG.2 except that the FM luminance signal modulated in the processing circuit 26 
has a carrier band of 5.4 MHz to 7.0 MHz. For the audio signal recording systems, right and left channel analog 
audio signals which are related to the video signal, for example, are supplied to input terminals 31a and 31b. 
And other right and left channel analog audio signals which are independent of the vide signal, for example, are 
supplied to input terminals 68a and 68b. When both the FM audio signal and the digital audio signal to be 
recorded are desired to be derived from a single program source supplied to the input terminals 31a and 31b, 
movable contacts of switching circuits 69a and 69b are moved to respective a terminal thereof. And when the 
FM audio signal and the digital audio signal are desired to be derived from two program sources which are 
different to each other, the movable contacts of the switching circuits 69a and 69b are moved to respective b 
terminals thereof. 

The first audio modulating part is almost the same as the corresponding part shown in FIG.2 except for the 
following. Firstly, the carrier frequencies fc used in the OQDPSK modulator 36 are selected to approximately 
3.0 MHz which is 191 times the horizontal scanning frequency fa. Secondly, the bandpass filter 37 has a 
passband with the center frequency of approximately 3.00 MHz and approximately 0.7 times the transmission 
rate. Thirdly, the frequency of the high-frequency bias signal at the bias adding circuit 39 is selected to 10.8 
MHz. 

The second audio modulating part for producing the FM audio signal is constituted as follows. The right 
channel analog audio signal and the left channel analog audio signal applied to the input terminals 31b and 31a 
are supplied to noise reduction circuits 70b and 70a through switching circuits 69b and 69a, respectively. The 
noise reduction circuits 70a and 70b compress the dynamic range of the signals to half in decibels. The output 
signals of the noise reduction circuits 70a and 70b are subjected to the preemphasis characteristics of 
preemphasis circuits 71a and 71b, respectively. Limiters 72a and 72b eliminate a signal component having a 
level exceeding a predetermined level from the output signals of the preemphasis circuits 71a and 71b, 
respectively. The output signals of the limiters 72a and 72b are supplied to frequency modulators 73a and 73b, 
respectively. The frequency modulators 73a and 73b modulate carriers of frequencies of 1 .3 MHz and 1 .7 MHz 
by use of the output signals of the limiters 72a and 72b, respectively. The FM signals from the FM modulators 
73a and 73b are passed through bandpass filters 74a and 74b and supplied to a mulitplexing circuit 75. The 
mulitplexing circuit 75 adds the OQDPSK modulated signal from the bandpass filter 37 to the FM signals to 
produce a frequency division multiplexed signal, and provide the bias adding circuit 39 with the frequency 
division multiplexed signal. 

The bias adding circuit 39 adds the high-frequency bias signal of 10.8 MHz, for example to the frequency 
division multiplexed signal from the mixing circuit 75. As described before, the bias adding circuit 39 may be 
constituted as shown in FIG.5, FIG.6 or F1G.13. The outputs signal of the bias adding circuit 39 is supplied to 
the rotary audio heads 41a and 41b through a rotary transformer (not shown). 

A description will be given on a reproducing system. 

The reproducing systems comprises two demodulating parts. A first demodulating part is a demodulating 
part for demodulating the OQDPSK modulated digital audio signal in accordance with the OQDPSK 
demodulation, and a second one is a demodulating part for demodulating the FM audio signal. The first 
demodulating part in the same as the constitution shown in FIG.2 except for the presence of a reproduction 
equalizer 80 provided between the pre-amplifier 55 and the bandpass filter 60. The reproduction equalizer 80 
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"compensates attenuated" high-frequency signal comp6nehfs~ar7d provide^Ttrve'bandpass f ilteF60 lvith~a 
compensated audio signal. 

The second demodulating part is constituted as follows. The output signal of the pre-amplifier 55 is also 
supplied to bandpass filters 81a and 81b. The bandpass filters 81a and 81b extract desired frequency 
components, Limrters 82a and 82b eliminate frequency components having a level exceeding a predetermined 5 
level from the output signals of the bandpass filters 81a and 81b. Frequency demodulators 83a and 83b carry 
out the frequency demodulation on the output signals of the limiters 82a and 82b, respectively. The 
demodulated audio signals from the frequency demodulators 83a and 83b are subjected to the deemphasis 
characteristics of deemphasis circuits 84a and 84b, respectively. Noise reduction circuits 85a and 85b expand 
the dynamic ranges of the output signals of the deemphasis circuits 84a and 84b to restore the original ranges. 10 
The output signals of the noise reduction circuits 85a and 85b are supplied to output terminals 86a and 86b as 
left and right channel audio signals, respectively. 

A description will be given on effects provided by the present invention on the reduction of the noise 
spectrums with reference to FIGS.11, 12A and 12B. 

FIG.1 1 shows an OQDPSK modulated digital audio signal Villi having a frequency spectrum of approximately 15 
3.0 MHz ± 1.3 MHz, and a frequency modulated audio signal X. 

FIG.12A shows frequency a spectrum of the reproduced modulated digital audio signal and the FM audio 
signal in the case where the signal having the frequency spectrums shown in FIG.1 1 is directly recorded in the 
deep layer portion of the magnetic tape by the rotary audio heads without adding the high-frequency bias 
signal, and subsequently the video signal is recorded in the surface layer portion of the magnetic tape by the 20 
rotary video heads, and then the audio signals are reproduced by the rotary audio heads. In FIG.1 2A, fsc 
denotes a frequency of the frequency converted sub-carrier chrominance signal. The frequency fsc is 629 kHz, 
for example. In the frequency converted carrier chrominance signal band, as indicated by a broken line IX, 
there exists a noise spectrum of a high level because of the cross modulation distortion. The noise spectrum 
also occurs in the low frequency range in which the azimuth loss effect is less affected. This leads to the 25 
degradation of the color S/N ratio. In addition, the non-linearity of the magnetic tape distorts the reproduced 
signal and degrades the error rate thereof. The non-linearity also degrades the ratio of the carrier of the FM 
audio signal to noise, i.e., C/N ratio. 

On the other hand, FIG.12B shows frequency spectrums of the reproduced modulated digital audio signal 
and the FM audio signal in the case where the frequency division multiplexed signal of the OQDPSK modulated 30 
digital audio signal and the FM audio signal is recorded in the deep layer portion of the magnetic tape with the 
high-frequency bias signal (10.8 MHz, for example) added thereto, and subsequently the video signal is 
recorded in the surface layer portion of the magnetic tape, and then the audio signals are reproduced from the 
magnetic tape by the rotary audio heads. As seen from FIG.1 2B, out of noise spectrums (surrounded by a 
broken line XII) because of the cross modulation distortion in the frequency converted carrier chrominance 35 
signal range, noise spectrums in the vicinity of the frequency converted sub-carrier chrominance frequency 
fsc are extremely reduced. High-frequency components of the signal shown in FIG.1 2B may be equalized to 
the spectrums shown in FIG.3B by use of the reproduction equalizer 80. 

In the present invention, the addition of the high frequency bias to the digital audio recording signal serves 
not only the improvement in the distortion of the digital audio signal itself but also the improvement in the cross 40 
modulation distortion from the digital audio signal to the video signal. 

TABLE I and TABLE II show experimental results of the measurement of various S/N ratios. TABLE I shows 
measured S/N ratios in a standard-speed mode (so-called SP mode), and TABLE II shows measured S/N 
ratios in an extended play mode (so-called EP mode). In these tables, columns designated by a character "Y" 
refer to a reproduced luminance signal to noise ratio, columns designated by a character "CAM" refer to a 45 
reproduced chrominance signal to noise ratio associated with an amplitude noise, and columns designated by 
a character "C.PM" are relative to a reproduced chrominance signal to noise ratio associated with a phase 
noise. Values are shown in units of dB. In the experiment, the recording and reproducing apparatus having the 
structure shown in FIG.1 0 was used for recording and reproducing the frequency division multiplexed video 
signal and the PCM audio signal which was subjected to the OQDPSK modulation in and from the deep layer 50 
portion and the surface layer portion, respectively. 



55 



60 



65 



BNSDOCID: <EP 0277000A2J_> 



0 277 000 



TABLE I 



10 



15 



Bias 


Y 


C .AM 


C .PM 


Appl ied 


49.8 


48.8 


44 . 6 


Not applied 


49.2 


47 .4 


44 . 2 


Difference 


0.6 


1 .4 


0.4 


Bias 


Y 


TABLE II 
C.AM 


C.PM 


Applied 


47 . 3 


43 .4 


41 .5 


Not applied 


45.0 


41 .4 


38.5 


Dif f e r ence 


2 . 3 


2 .0 


3.0 



20 



25 



30 



35 



As seen from the above tables, the frequency converted carrier chrominance signal to noise ratio is 
improved by the application of the high-frequency bias signal. This means that the noise spectrum which 
occurs in the frequency converted carrier chrominance signal of the reproduced video signal due to the cross 
modulation distortion is reduced. 

According to the configuration shown in FIG. 10, in addition to the advantages provided by the configuration 
shown in FIG.2 discussed in the foregoing, the following advantages can be obtained. When an audio signal 
related to a video signal is recorded as both the FM signal and the digital audio signal, it becomes possible to 
eliminate an inconvenience that two different kinds of recorded tape softwares must be prepared. That is, the 
software recorded in this way can be reproduced even by a conventional VTR having a reproducing function 
for the FM audio signal but having no reproducing function for the digital audio signal. Further, it is possible to 
independently utilize the FM audio and the PCM audio. For example, it is possible to record a stereo audio from 
the television set and a stereo audio from the compact disc apparatus or the digital audio tape recorder. In the 
foreign language program on the TV, an original stereo may be recorded as the digital audio, and a stereo 
sudio dubbed in domestic language may be recorded as the FM audio. 

The present invention is not limited to the embodiments described above, but various variations and 
modifications may be made without departing from the scope of the present invention. 
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1. A magnetic recording apparatus comprising audio signal processing means (32a, 32b, 33a, 33b, 34a, 
34b, 35) for converting an input analog audio signal into a digital audio signal; modulating means (35) for 
subjecting the digital audio signal to a modulation selected from a multi-phase differentia! phase shift 
keying modulation (DPSK) and an offset-multi-phase differential shift keying modulation (ODPSK) to 
produce a modulated digital audio signal; audio signal recording means (41a, 41b) for recording the 
modulated digital audio signal on a track formed in a deep layer portion of a magnetic layer of a magnetic 
tape (43); and video signal recording means (26, 27, 28a, 28b) for recording an input video signal on a 
video track formed in a surface layer portion of the magnetic layer of the magnetic tape, characterized in 
that the magnetic recording apparatus further comprises adding means (39) for adding a high-frequency 
bias signal to the modulated digital audio signal, so that the modulated digital audio signal with the 
high-frequency bias signal added thereto is recorded on the audio track formed in the deep layer portion 
of the magnetic tape. 

2. A magnetic recording apparatus as claimed in claim 1, characterized in that the adding means 
comprises a bias generator (46) for generating the high-frequency bias signal, an adder (45) for adding 
the high-frequency bias signal to the modulated digital audio signal, and a recording amplifier (47) for 
amplifying the output signal of the adder. 

3. A magnetic recording apparatus as claimed in claim 1, characterized in that the adding means 
comprises a recording amplifier (47) for amplifying the modulated digital audio signal, a trap circuit (50, 
51) for extracting only the modulated digital audio signal, and a bias generator (46) for generating the 
high-frequency bias signal and characterized in that the high-frequency bias signal from the bias 
generator is passed through a capacitor (52) and added to the output of the trap circuit. 

4. A magnetic recording apparatus as claimed in claim 3, characterized in that the trap circuit comprises 
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- an inductor (50) and a capacitor (51)~connected in parallel. " k 

5. A magnetic recording apparatus as claimed in claim 1, characterized in that a frequency of the 
high-frequency bias signal is approximately three times or more the frequency of a carrier frequency of 
the demodulated digital audio signal. 

6. A magnetic recording apparatus as claimed in claim 1, characterized in that the high-frequency bias 
signal is a sine wave. 

7. A magnetic recording apparatus comprising audio signal processing means (32a, 32b, 33a ( 33b, 34a, 
34b, 35) for converting an input analog audio signal into a digital audio signal; modulating means (36) for 
subjecting the digital audio signal to a modulation selected from a multi-phase differential phase shift 
keying modulation (DPSK), and an offset-multi-phase differential shift keying modulation (ODPSK) to 
produce a modulated digital audio signal; and video signal recording means (26, 27, 28a, 28b) for 
recording an input video signal on a video track formed in a surface layer portion of a magnetic layer of a 
magnetic tape (43) , characterized in that the magnetic recording apparatus comprises producing means 
(70a, 70b, 71a, 71b, 72a, 72b t 73a, 73b, 74a, 74b) for producing a frequency modulated (FM) audio signal; 
multiplexing means (75) for frequency division multiplexing the modulated digital audio signal and the FM 
audio signal; adding means (39) for adding a high-frequency bias signal to the frequency division 
multiplexed audio signal; and audio signal recording means (41a, 41b) for recording the frequency 
division multiplexed audio signal with the high-frequency bias signal added thereto on a track formed in a 
deep layer portion of the magnetic layer of the magnetic tape. 

8. A magnetic recording apparatus as claimed in claim 7, characterized in that the adding means 
comprises a bias generator (46) for generating the high-frequency bias signal, an adder (45) for adding 
the high-frequency bias signal to the frequency division multiplexed audio signal, and a recording 
amplifier (47) for amplifying the output signal of the adder. 

9. A magnetic recording apparatus as claimed in claim 7, characterized in that the adding means 
comprises a recording amplifier (47) for amplifying the frequency division multiplexed audio signal, a trap 
circuit (50, 51) for extracting only the frequency division multiplexed audio signal, and a bias generator 
(46) for generating the high-frequency bias signal and characterized in that the high-frequency bias signal 
from the bias generator is passed through a capacitor (52) and added to the output of the trap circuit, 

10. A magnetic recording apparatus as claimed in claim 9, characterized in that the trap circuit comprises 
an inductor (50) and a capacitor (51 ) connected in parallel. 

11. A magnetic recording apparatus as claimed in claim 7, characterized in that a frequency of the 
high-frequency bias signal is approximately three times or more the frequency of a carrier frequency of 
the demodulated digital audio signal. 

12. A magnetic recording apparatus as claimed in claim 7, characterized In that the high-frequency bias 
signal is a sine wave. 

13. A magnetic recording and reproducing apparatus comprising audio signal processing means (32a, 
32b, 33a, 33b, 34a, 34b, 35) for converting an input analog audio signal into a digital audio signal; 
modulating means (36) for subjecting the digital audio signal to a modulation selected from a multi-phase 
differential phase shift keying modulation (DPSK) and an offset-muiti-phase differential shift keying 
modulation (ODPSK) to produce a modulated digital audio signal; video signal recording means (26, 27) 
for recording an input video signal on a video track formed in a surface layer portion of a magnetic layer of 
a magnetic tape (43) ; and reproducing means (56, 57, 58) for reproducing the video signal recorded in the 
surface layer portion of the magnetic tape, characterized in that the magnetic recording and reproducing 
apparatus comprises producing means (70a, 70b, 71a, 71b, 72a, 72b, 73a, 73b, 74a, 74b) for producing a 
frequency modulated (FM) audio signal; multiplexing means (75) for frequency division multiplexing the 
modulated digital audio signal and the FM audio signal \ adding means (39) for adding a high-frequency 
bias signal to the frequency division multiplexed audio signal; audio signal recording means (41a, 41b) for 
recording the frequency division multiplexed audio signal with the high-frequency bias signal added 
thereto on a track formed in a deep layer portion of the magnetic layer of the magnetic tape; reading out 
means (28a, 28b, 55) for reading out the frequency division multiplexed signal from the deep layer portion 
of the magnetic tape; first signal extracting means (80, 60) for extracting the modulated digital audio 
signal from the read-out frequency division multiplexed audio signal; second signal extracting means 
(81a, 81b, 82a, 82b) for extracting the FM audio signal from the read-out frequency division multiplexed 
audio signal; first demodulating means (61) for demodulating the modulated digital audio signal from the 
first signal extracting means; and second demodulating means (62) for demodulating the FM audio signal 
from the second signal extracting means. 

14. A magnetic recording apparatus as claimed In claim 13, characterized in that the adding means 
comprises a bias generator (46) for generating the high-frequency bias signal, an adder (45) for adding 
the high-frequency bias signal to the frequency division multiplexed audio signal, and a recording 
amplifier (47) for amplifying the output signal of the adder. 

15. A magnetic recording apparatus as claimed in claim 13. characterized in that the adding means 
comprises a recording amplifier (47) for amplifying the frequency division multiplexed audio signal, a trap 
circuit (50, 51) for extracting only the frequency division multiplexed audio signal, and a bias generator 
(46) for generating the high-frequency bias signal and characterized in that the high-frequency bias signal 
from the bias generator is passed through a capacitor (52) and added to the output of the trap circuit. 
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16. A magnetic recording apparatus as claimed in claim 15, characterized in that the trap circuit 
comprises an inductor (50) and a capacitor (51) connected in parallel. 

17. A magnetic recording apparatus as claimed in claim 13, characterized in that a frequency of the 
high-frequency bias signal is approximately three times or more the frequency of a carrier frequency of 
the demodulated digital audio signal. 

18. A magnetic recording apparatus as claimed in claim 13, characterized in that the high-frequency bias 
signal is a sine wave. 
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© Magnetic recording and/or reproducing apparatus. 



© A magnetic recording apparatus comprising an 
audio signal processing circuit (32a, 32b, 33a, 33b, 
34a, 34b, 35) for converting an input analog audio 
signal into a digital audio signal; a modulating circuit 
(36) for subjecting the digital audio signal to a modu- 
lation selected from a multi-phase differential phase 
shift keying modulation (DPSK) or an offset-multi- 
phase differential shift keying modulation (ODPSK) 
to produce a modulated digital audio signal; an add- 
ing circuit (39) for adding a high-frequency bias 
signal to the modulated digital audio signal; an audio 
signal recording unit (41a, 41b) for recording the 
modulated digital audio signal with the high-frequen- 
cy bias signal added thereto on a track formed in a 
deep layer portion of a magnetic layer of a magnetic 

^tape (43); and a video signal recording circuit (26, 
27, 28a, 28b) for recording an input video signal on a 

©video track formed in a surface layer portion of the 

~ magnetic layer of the magnetic tape. 
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